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Conclusive evidence is available to show that one billion five hundred 
.rdl.lion . of the two billion acJ'es of uncultivated land in the humid 
tropics consists of well-drained acid soils which can be made highly 
productive. l'his land is in the same areas where birth rates are high 
and the spectre of hunger is being see~ mo~e frequently. Even if the 
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developed cou~tries produce a surplus again, the cost of foodgrains and 
. Of shipping is more than the tDCs can afford. These countries must produce 

most if not all the food for their own people. In addition, for many of 
the areas at least, farm crop export is the most likely way for them to 
earn e~sential.foreii:.m exchan~e. 

The project, planned to $pan 10 years, became operational on June 30t 1969. 
Jlield experiments were initiated in Puerto Rico during May 1970. The 
1!£l:1Y~:t'~.~ty oJ Ru.~rto Rico has been a major contributor under sub con tract. 
Because of a .. mutuality of interest, the U.S. Department of Agriculture has 
continued active cooperation. Field work was begun in Brazil during July 
1972 in copperation with the Ministry of Agriculture ~nd ~Q~J;h_Qarolina 
State~V~!ye~sity. Exploratory.discussions were held with officials of 
USAID/Accra, the University of Ghana, and the Soil Research Institute at 
Kumas~ on the possibility of extending research to the acid soils of Ghana. 

A progrer-s report was made to the ~esearch Advisory Committee at their 32nd 
Meeting, J&~'-lary 28-29, 1971. The current five year authorization expires 
June 29, 1974. 

The work on this project, so far, has demonstrated beyond any doubt that 
the highly weathered. well drained acid soils of the tro~ics, represented 
by the experimental sites, have a very high production potential. However~ 

this potential cannot be achieved by any single practice. 

Nitrogen must be applied and managed in relation to crop growth and rainfall. 
Timing is crit:i.cal. A highly pr-Jmising rapid test: for the. nitrogen supplying 
power of soils is being tested. 

The phosphorus status of these soils must be raised and maintained. Localized 
applications of phosphorus to minimize fixation are not adequate. Broadcast 
application proved much superior. 

Toxic aluminum must be corrected or rdri:.:umvented. It restricts root systems, 
limits plants• drought tolerance and their capacity to absorb nutrients. 
Deep incorporation of small amounts of lime is one control. Selection of 
acid tolerant crops or varieties another. The use of soluble calcium sources 
of nitrogen to speed penetration and subsoil "liming" is a third. 

Liming to provid~ calcium and magnesium is essential on extensive areas of 
highly acid tropical soils. Much less lime is needed than temperate zone 
practice suggests~ 

Micronutrients, esped:ally zinc. limited responses to fertilizer and lime" 
Farmers should try three pounds of zinc, as sulfate, per acre on Oxisols. 

Water is a limiting factor in the humid tropics during most rainy seasons. 
One o~ two irrigations can make the difference between success and disaster. 
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Systematic pest and disease control is also essential. 

Recent experiments using combined practices and a new corn variety 
have resulted in average yields of 140 bushels per acre and one plot 
with 180, double previously accepted "top" yields. 

Halfway measures will not produce the desired results. Satisfying 
the needs for phosphorus and lime and developing water resources is a 
capital investment. Nitrogen,:zinc and supplemental water are highly 
profitable annual inputs. 

'lbe skills and resources of cultivators must be sufficient for the comp~ex 
combination of operations required fo~ successful crop production. 
Uneducated farmers can learn these skills empirically and· be assisted in 
obtaining the necessar1 resources. 

The general purpos?. of the project during the period of the extension 
remains unchanged. It will seek to define the fertility factors which 
limit food crop production· on the weL. dra:lned acid soils in the humid 
tropics and to develop means of predicting when and where chese limiting 
factors will be found. Then practical recommendations of field practice 
can be made without exhaustive field trials in every region of every 
country. Since it has bPen clearly established by this and other projects. 
that there is no simple solution but rather that a complex package of 
practices must be designed, it follows that the research must be multi­
faceted and must draw on the best science and judgment of people ~n many 
field8 other than soil science. 

Work will continue on nitrogen economy, phosphorus utilizatinn, fixation 
and methods of application, aluminum toxic:lty and the interactions of 
phosphates aT'ld aluminum with lime. Now that plots have. been maintained 
over a period of years to establish levels of performance dmd to allow 
cumulative effects of ·treatments, longer term crops, especially plantain 
r.nd cassava, are being includ_ed among the test plants. 

The field work was original ~-Y concentrated in Puerto Rico j:.or efficiency 
and to allow ready access to scientists in disciplines ot:h(~r than soils. 
It was extended to Brazil and work in Ghan~ is proposed. Further coopera­
tive work in Latin America, especially in the Dominican Republic and 
Colombia, is under consideration subject to the availability of staff 
and funds. 

B. EXPANDED NARRATIVE STATEMENT 

1. Background 2 l:'ro.1ect History and Progress··· 

a. Background 

Despite 'the successes a;; the.green ~~volution, world food 
production isishort. It is cssentio.:t t;o tn? the available unutilized and 
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underutilized soil resources. The best estimates indicate that there are 
about 800 million hectare9 (two billion acres) still uncult:f.vated in the 
humid tropics, more than is cultivated in the zone. Much of this land 
has a favorable top~graphy and the soils are generally deep, well drained, 
and permeable. 'fhe main limiting factors are the very low soil fertility, 
soil moisture deficiency at critical growth periods and toxicity of. alumi­
num and manganese which accentuate both. Conclusive evidence is available 
which shows that these soils can have high productivity at relatively 
modest cost provided that adequate soil, crop, and water management practices 
are used including the application of fertilizer nutrients in proper balance 
and amounts. 

In addition to the extensi•.re areas in th'.! humid tropics which are not now 
under cultivation, most of the soils give poor yields under traditional 
manag.ement. The introduction of modern technology can increase productivity 
sevetal fold. 

b. l'roject History 

The contract for the first five years of the project became 
effective on June 30, 1969. The major objective was to determine economic 
amounts and methods of application of nitrogen, phosphcr!.ls, potassium, 
liming materials, and 111icronetrients to help realize the productivity 
potential for food crops on the acid soils of the humid tropics. After 
two year~ added emphasis was given to soil moisture studies in relation 
to soil fertility. It had been assu~d that in the humid tropics, espe­
cially during the rainy season, soil moisture was not much of a limiting 
factor. However, it was found that short dry periods of a week or two 
during the r.ainy season could seriously affect crop response to fertilizers 
and lime. This was especially true when the plant roots were restricted 
to the surface soil and not able to exploit subsoil moisture because of 
the presence in the subsoii of toxic concentrations of aluminum and/or 
manganese or a lack of calcium 'r. other essential macro or micronutrients • 

. 
The project was designed so that the ~esults would be app~icable to exten-
sive areas in Latin America, Africa~ and Asia. The field research was 
initiated in Puerto Rico in cooperation wit~ the Agricultural Experiment 
Station' of the University of Puerto Rico. A Cornell staff member was 
stationed in Puerto Rico and has served as project leader in the field. 
Research personnel of the United States Department of Agriculture stationed 
in Puerto Rico also have collaborated. Consultation of well-qualified 
Puerto Rican scientists in crop science, plan~ pathology, entomology, 
statistics, and other complementary disciplines was an invaluable asset. 

In July 1972 field experiments supplerr.ented by greenhouse and laboratory 
studi.es were initiated at the Agricult· ... al Exper:l.r-P.nt Station near Brasilia 
in cooperation with the Brazilian ~.inistry of Agriculture and in collabora­
tion with the University of North Ca:::-o:i'!".:l. ·r.i.e so:C!.s in the experiments 
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are representative of vast areas of the Campo Cerrudo. Though these a~id 
soils are similar in many ch~~acteristics to those under investigation in 
Puerto Rico, there are important differences and the climatic environment 
is different. 

A Cornell staff member is stationed in Brasilia and serves as leader of 
the field operations which are planned jointly by the soil scientists of 
the }linistry of Agriculture, ·North Carolina State University, and Cornell 
University. Research assistants from the three cooperating institutions 
are participating in the project. 

Preliminary discussions have been held with the Soils Research Institute 
at Kumasi, Ghana regarding collaboration in soil fertil~ty stJdies. There 
is a substantial area of acid soils in Ghana similar in many characteristics . 
to those under study in Puerto Rico. It is planned to develop a collabora·­
tive a .·rangement in Ghana similar to that in Brazil. 

c. Progress to Date 

The overall objective of the research is to increase food 
production in the humid tropics through efficient soil and water management 
practices. The experimental work in Puerto Rico and Brazil has focused on 
the followinr;: 

(1) Nitrogen requirements and effid.ency of nitrogen 
utilization by important food crops; 

·(2) Phosphorus requirements, the reactions of phosphate 
fertilizer in acid tropical soils and the residual 
effects of phosphates; 

(3) Soil acidity and liming with parti.cu_;_ar attention to 
the control of aluminum toxicity; 

(4) Soil moisture stud~es related to soii fertility require­
ments; 

(5) Micronutrient needs; 

(6) Clay mi.neralogy. 

Experiments have been conducted at five locations in Puerto Rico and one 
in Brazil. The soil at each site is representative of extensive areas of 
acid soils in the humid tropics (Oxisol~; and Ultisols). The results of 
the experiments arc described below: 
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1) Puerto Rico 

a) Nitrogen Experiments 

(1) Corn and sorghum field experiments: These experiments were 

begun in April and May, 1970, and the last crop was harvested in the winter 

of 1972. They were designed to test the efficiency of utilization of 

nitrog~n applied as urea at different rates, times of application, and 

the residual effects. A total of 15 corn and 3 sorghum crops at five -

t3ites on representativ~ Oxisols and Ultisols were harvested. The yield 

<l~ta of grain and stover were supplemented by several thousand soil and 

plant analyses to help in the interpretation of the results. The ma:f.n 

conclusions are: 

(a) The post-plant .app~ication of nitrogen (30-35 days after 

planting) was generally much more efficient in increasing 

yield th~n pre-plant applications. 

(b) When the yield potential of the hybrid corn was not 

limited by drought or dj.sease, the recovery of post­

plant applied nitrogen by the crop was substantially 

higher than recovery of the·pre-plant, 50 to fO 

percent as compared with 30 to 40 percent. The amount 

recovered in the post-plant treatments is about the 

same as that observed in temperate regions and indicates 

that unusual losses do not necessarily occur under these 

particular soil and clirn.atic conditions. 

In· one extreme case the1:e was no recovery of pre-plant 

fertilizer nitrogen by sorghum. Heavy rains came 

shortly after the nitrogen was applied. Also, the 

sorghun.: was very shallow rooted due to its sensitivity 

to the aluminum in the subsoil. 

In summary, post-plant nitrogen applications generally 

resulted in higher. yields, higher nitrogen and protein 

content of the crop, and less nitrogen as a potential 

pollutant of water supplies lost from the soilo 

{c) Generally, near maximum yields of corn were obtained with 

only 60 lb/acre of applied nitrogeno . Apparently there 

is enough nitrogen in the organic matter in these soils 

and in the crop residues to supplement substantially 

the applied nitrogen. In one location on a clayey 

Qxisol, the nitrogen fertility was built up to such 

an extent that yields of 100 bushels per acre of corn 

grain were obtained without added nitrogen. Plant 

uptake of a.?out 125 ).~'J/ncrc of nitrogen has been recorded 

on plots receiving no a<lditfonal nitrog~n. 
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(d) Sulfur coated urea was found to be no more effective 
than regular urea in the yield response of sorghum 
and corn and the recovery.,of the nitrogen by the crop 
was less. 

(c) The last crop of corn was planted in April and Mav 1972 
at three sites to determine the residual effect of 
previously applied fertilizer nitrogen on yield. At 
one location there was no indication of any residual 
effect. The yields were only about 50 bushels per 
acre in comparison with treated plots which averaged 
more than 100 bushels per acre. At another site sow.e 
residual effect was noted from a high nitrogen applica­
tion to the.preceding crop but in this case all yields 
were substantially reduced because of a severe drought. 
At the third site no residual effects were observed 
because the nitrogen supplying p0wer of the soil was so 
high that no yield increases were obtained in the p~ots 
with adued nitrogen. TI1e average yields of both treated 
and untreated plots were about 100 bushels per acre. 

(f) A maximum yield of about 100 bushels of corn was obtained 
with the best corn variety available--one developed in 
Jamaica for the humid tropics. Because of the cost of 
control of insects, diseases~ and nematodes in the 
experimental plots, it is apparent that: high yielding 
varities more resistJnt to these pests will need to be 
developed for high productivity of corn in the low humid 
tropics. The results of the iield experiments demonstrate 
that the economic management of the nitrogen fertility 

· is much less of a problem than pest control. The other 
major limiting factor which merits greater attention is 
the provision of adequate soil moisture either through 
supplementary Lrigation or by techniques to provide 
·greater root penetration to exploit subsoil moisture. 

(g} The results of the field experiments supplemented by soil 
and plant analyses indicated that the soils may supply 
a substantial amount of nitrogen from the mineralization 
of organic matter. Representative samples of a number 
of Oxisols and Ultisols covering a wide range in content 
of organic matter were continuously cropped in a green­
house study to measure the nro.ount of nitrogen removed 
and determine how this correlated with the amount 
extracted by chemical procedures. The results demon­
strated that a laboratory chemical method can provide 
a means for evaluating t!i.e capacity of the soils to 
supply nitrogen. '::1is was t~~sted in the field with 
three soils and it '-:::ls. f o•.md tha:: there was excellent 
correlation between plant up•:8.~e and a simple laboratory 
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If this test should 
would be possible 
for nitrogen 

(2) Cassava Field e~eriments: As cassava is·one of the most 

important food crops in the tropics, experiments have been initiated this 

year at three of the experimental sites to determine the yield response 

to levels and methods of application of nitrogen. A high protEin variety, 
Llanera, is the test crop. 

(3) Plantain field experiments: Field experiments have been 

started with plantain during the past year to measure responses to nitrogen 

and other fertilizer nutrients on representative acid Ultisols. The first 

experiLeut has just been harvested and responses to the different treatments 

have not yet been analyzed. Howevert the yields on all plots are very high 

and an average bf 12 tor.s per acre of the edible portion of the fruit is 

estimated. In the past, nematode infestation has severely limited plantain 

yields especially the ratoon crops. The availability of a new nematocide, 

Dasanit, has made it possible to reach very high levels of production under 

good management especially if the ratoon er.ops will continue to be highly 

productive as anticipated. 

b) Phosphorus Experiments 

Field experiments with corn and sorghum were designed to define 

the response curves for applied phosphorus f er=ilizers on representative 

Oxisols and Ultisols, to measure the relative efficiency of banded versus 

broadcast fe~tilizer phosphorus, and to estimate the residual effects of 
the broadcast and banded fertilizer phosphorus. 

•' 

In one location on a clayey Ultisol no response to any of the phe:3phorus 

treatments was obtained with sorghum or corn-which followed. Chemical 

soil tests Jnd a greenhouse assay had indicated that this soil should 

respond to applied phosphorus fertilizers. The site had been under 

cultivation for many years and apparently enough- residual phosphorus was 

available to meet the needs of both crops. 

Another site on a representative Ultisol was selected for the-phosphorus 

field experiment. Again soil and greenhouse tests indicated severe 

f•hosphorus deficiency. During the cooler winter season, the 'application 

of 160 lbs/acre of phosphorus doubled corn yeilds over the check plots. 

' In the summer the response of corn to applied phosphorus fertilizer was 

etill very striking during the first two months. By harvest time, however, 

the differencca had diminished considerablyp although there was some yield 

increase with phosphorus treatments. :·. ": •.·.w postulated that the lack of 

response dur.tng the summer period in :: - · !"c.st to the response during the 
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winter season was due to the greater mineralization of organic matter and 

release of organic phosphorus with the higher su1l.lller temperatures. This 
has prompted an investigation of the importance of organic phosphorus in 
the acid soils of the humid tropics and the development of a soil test 
which would measure the release of organic phosphorus during the growing 

season as well as the availability of :tnorgan:i.c phosphorus and thus provide 

a better estimate of phosphorus requirements under different soil conditions. 

In order to get information on a wider range of phosphorus def icieQt soils 

on responses to applied phosphorus fertilizer and the interaction with 
lime treatments, surface and subsoil of three repr.esentative Ultisols and 
Oxisols were placed in 55 gallon bottomless ·steel drums sunk in the ground. 

During the early stages of growth of the first crop, sorghum, there were 
pronounced differences in plant response to applied phosphorus but at 
harvest time the differences were much less. However, the high phosphorus 
trea::ments did produce significantly higher grain yields. Subsequent 

cropping with corn twice and then rice have shown responses to applied 
phosphorus.similar to that of the first crop of sorghum. 

It was anticipated that the sunken drum experiments with phosphorus would 

more nearly approximate field conditions than the gr~!enhouse tests which 
correlate poorly with the field experiments. However, the phosphorus 
experiments in the sunken drum also did not correlate well with the fie\J.d 

trials. This highlights,bhe importance of field trials to verify any 
conclusions on phosphorus responses which are drawn from greenhouse, sunken 

drum, or chemical soil teste. 

c) Liming and Soil Acidity 

F'ield experiments with a number of crops using different levels 

of lime have been conducted at five locations on reprer~ntative Oxisols 
and Ultisols. These have been supplemented with greenhouse stu~ies. The 

~rops grown were corn, sorghum, green beans, sweet potatoes, rice, and 
soybeans. The objective of these eyperiments was to determine the minimum 

levels of lime requi1ed for optimum yields of the various crops under the 
different soil conditions and to devise improved laboratory methods for 
predicting the minillium lime requirements. 

No response to liming was found ab;)ve pH 5.1 with nny of the crops tested. 

In some cases there was little or no response above pH 4.5. Sweet potatoes, 

for example, appear to be quite tolerant to very acid soils with relatively 

high amounts of soluble aluminum. There was no significant increase in 
yields as the pH was increased from pH 4.1 to over 5.0. Similarly, rice 
appeared to be relatively tolerant to acid soils. 
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Yields of corn on a clayey Ultisol were doubled when the pH of the scil 
was increased from about 4.5 to 5.1 with two tons of lime per ac~e. 
However, on a clayey Oxh:ol with about the same initial pH, addition of 

lime did not increase corn yields significantly. The Ultisol contained 
a relatively high concentration of soluble aluminum which is toxic to 

many crops while the Oxisol had little or no soluble aluminum, although 
the soil had a relatively low pH. 

Although the yield of green beans was increased by the application of 

lime, apparently this crcp is not as sensitive to aluminum toxicity as 

corn. On a highly acid Ultisol the yield of green beans increased from 
about five tc•ns per acre to over 6. 5 tons per acre with just enough lime 
applied to increase the pH to about 5c2. This soil has a relatively high 

content of organic matter and it is postulated ~hat organic matter also 
has some effect on neutralizing aluminum toxicity. 

Some crops such as sorghum are very sensitive to soluble aluminum and 
their rooting depth on Ultisols is limited to the depth to which lime 
is applied. During short dry periods the roots do not reach the subsoil 
moisture because of the pre~ence of toxic concentrations of aluminum; 

conseqi1ently, the plants suffer from drought. A field experiment with 
sorghum was begun this year to determine the effectiveness of subsoil 
liming for increasing root penetrat:ion t:o exploit subsoil moisture thereby 
minimizing the serious moisture deficits during the dry periods. Subsoil 

li·.:.ning will be compared with surf ace applications of lime and othe1 calcium 

compounds. Recent studies have indicated that surface applications of 
calcium nitrate may be effective in neutralizing subsoil aiuminum toxicity. 

In order to get more information on the rooting behavior of corn, sorghum, 
and stargrass relative to the concentration of soluble aluminum in a 
representative Ultisol and Oxisol, a freenhouse test was conducted supple-

. mented by chemical studies. Sorghum roots were highly E-ensitive to soil 

solution aluminum, corn roots moderately sensitive, and stargrassrroots 
tolerant. Soil solution aluminum concentration can be calculated satis­
factoiily from soil pH and electrical conductivity of the saturated paste 

extract. 

In summary, the liming experiments have demonstrated the wide range of 
tolerance of various crops to soil acidity and aluminum toxicity. In 
general much less lime needs to be applied on the acid soils of the humid 

tropics for optimum productivity than has been previously thought. A 
more accurate method for predicting the lime requiremeni: is beirAg develope.d 

for the soils of the humid tropics. The importance of count~racting sub­
soil acidity to increase root penetration and reduce moisture stress during 
dry periods has been demonstrated and practical methods for field applica­

tion are being tested. 
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d) Soil Moisture Studies 

During the course of the soil fertility field experiments, it 

became apparent that water stress on the growing crop during the dry 

periods in the rainy season was a serious factor lim.i.ting the response 

to fertilizer nutrients. Consequently, preliminary soil-water experiments 

were conducted in Puerto Rico on the different soils at' the sites of the 

four locations of the field experiments. A typical experimental design 
consisted of a 3 meter by 3 meter plot instrumented with tensiometers to 

a depth of 120 cu.,. The plot was flooded with water and covered with -

plastic to stop e' 1aporation. Water movement was monitored during infiltra­

tion and drainage for •:p ·to 35 days using the tensiometers. 

In the tension range, 0 to 3/4 bar~ correlation of soil-water content 
with scil-water tension wa~ detennined with undisturbed soil cores in the 

laboratory on Tempe Cells and on a pressure plate apparatus. At higher 
tensions disturbed samples were.run on pressure plates. Use of these 

data permits conversion of soil-water ~ensions to values of soil-water 

content. Gravimetric samples for soil·-water contents ~ere taken in the 

field as a check against soil-water contents as determined indirectly 
using tensiometers. 

The results are summarized as follows: (1) water infiltration into all 
soils was very rapid, the rate typically reaching about 8 cm/hr after Lne 

hour of continuous flooding; rate and amount of infiltration were inversely 

related to initial soil-water content; (2) on the cla;ey Ultisols lateral 

Pater movement downslope was a significant factor in observed high rates 

of infiltration; (3) generally, values of soil-water tension after two to 

three days bf free drainage do not exceed 20-80 cm of water (roughly 1/50 
to 1/12 bar); field capacity was found to be about 1/15 bar for a sandy 
Oxisol and 1/20 bar for the clayey Oxisols and Ultisols; (4) in the two 

Oxisols studied, the bulk of the water is released betw2en field capacity 

and 1 bar; in contrast to a high pro·•ortion of the water in the two Ultisols 

was available at tensions above 1 bar; (5) both the sahdy Oxisol and clayey 

Oxisol tended to dewater at low tensions whereas soil-water releases in 

the Ultisols extended over a wider range of tension; ~he sandy Oxisol failed 

to release appreciable water above 1 bar of tension; (6) calculations of 

capillary conductivity indicated that it was highly water content dependent; 

it was estimated that only 10 percent of the water required for evapotrans­

piration might be supplied as upward water movement from the soil beyond 

the root zone; (7) undisturbed core samples are required to measure water 

retention in the wet range (0-3/4 bar) and disturbed samples in the dry 

range (1-15 bars); an overestimation of soil-wate";; storage will be made · 

by employing either disturbed sample techniques at low tensions or undisturbed 

core samples at high tensions. 

e) Micronutrient Studies 

In ~ recent zin~ ex?eriment "'·~.th corn at one of the nitrogen 

experiment sites, a new hybrid pro(bced 'J? to 180 b\.lshels of ~rain per 

acre with the average for nll plots between 130 and 140 bu/acre. This sets 



p. 12 

a new standard for these soils and for Puerto Rico. Previously the yield 
ceiling for the project had been about lOC bu/ ncre wh:Lch was a record for 

the Island. Zinc supply was not critical for corn at this site. 

f) Clay Mineralogy Studies 

The objective of these studies is to characterize the clay 

minerals in the soils of the field experiments in order to relc.te them 
to the responses to applied nutrients. To date, +-he characterization has 

been completed on five soils: one sandy Oxisol, two clayey Oxisols, and 

two clayey Ultisols. Weatherable minerals which would f11rnish a reserve 
of bases could not be detected in the soil fraction larger than 50 microns. 
The sand fraction of all the soils was dominated by quartz except that in 

the lm:er depths of the clayey Ultisol (Los Guineos) where gibbsite was 
also present. The clay fractions of each of the five soils were homogenous 
in mineralogical composition throughout the depth of the profileo Kaolinite, 
amorphous material and chlorite dominated the clay fractions from a.11 of 
the soils. 

Continuing studies focus on the interaction of the noncrystalline iron and 
aluminum o:xides and organic matter ar.d its influence on the charge character-

. istics of the surface horizons. The soil mineralogical properties which 
influence the absorption and release of added phosphorus is being d~termined. 
The affinity of the exchange complexes for potassium relative to that of 

calcium, 'lllagnesium, and aluminum is being measured on those soils which 

have a relatively low level of potassium. 

2) Brazil 

The soil fertility research initiated in July, 1972 at the A0 --ricultural 

Experiment Station near Brasilia is essentially an on~site extension of 
the work in Puerto Rico. The research is being conducted iointly with the 
Brazilian Ministry of Agriculture and North Carolina Statt. .. niversity ... The 
site at the experiment stat:f.on is representative of extensive areas in the 
Central Plateau o2 Brazil (Campo Cerrado) which co»?ers about 450 million 
acres, almost 20 percent of the land area of the country. Most of this 
area is used for extensive grazing. The soils are predominantly Oxisols 
and though similar in many respects to the Oxisols of Puerto Rico, there 

are important differences and the cl: :-.:-.te is different with a long dry 

season. Yet the soils have high potential productivity with proper soil 

and water management. 

The experiments in Brasilia are simf.lar in design to those in Puerto Rico. 
Responses to different levels and me~~ods of application of nitrogen~ 
phosphorus, lime, micronutrients and other elements will be determined. 

From the work in Puerto Rico a'J.'l pre1:i.::d.~:ui:::y stud~.es ini"Bra.zil, a major 
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focus is on soil moisture problems related to soil fertility. Irrigation 

facilities arc available so that continu0Js cropping is possible throughout 

the year. Though the rainfall is high during the six or seven months of 
the rainy season, analysis of long teLTU weather records show that there 
are periods of drought of five days or more during a critical growth period 

which can seriously reduce yields in four out of five years. The relative 

high percentage of soluble aluminum and the very low calcium and magnesium 

content factors in these soils limit the productivity of many crops. 

The initial field experi'l.D0nts were begun in November and December, 1972 
to rueasure responses of corn during the rainy season to different levels 
and methods of application of nitrog~n, phosphorus, lime, and zinc. -
Following the harvest in March and April, 1973, a dry season crop of corn 
under irrigation was plante1 in June. To complement the soil fertility 
studies, soil moisture rese.1rch was initiated to: (1) determine the corn 

yields under various levels of water applied and/or used by the crop; 
(2) study the interaction between de~th of incorporation of lime and 
utilization of soil moistu~e' (3)·assess the probable reduction of yield 
caused by the dry periods, "veranicos," during the rainy season~ (4} deter­

mine the difference, if any, in yields cf corn between wet and dry seasons; 
(5) determine water utilization by corn as it relates to daily climatic 
parameters. 

The results of the experiments are summarized below: 

a) Nitrogen Tests 

Yields of the first crop of corn increased frum cbout 50 bushels 
per acre at the lowest level of applied nitrogen (20 to 40 pounds per acLe) 

to over 100 bushels per acre at the highest levels (120 to 140 pounds 
per acre) of applied nitrogen. 1be basic treatment for all plots included 
the application of 360 pounds per acre of P2o5 (180 pounds applied broad­
cast as simple superphosphate, plowed under and rototilled and 180 pounds 

as treble superphosphate banded at planting). The results of the phosphorus 

experiment summarized next indicates that a basic treatment of higher levels 

of applied phosphorus would probably have given higher yields at the same 

lev~ls of nitrogen. 

b) Phosphorus Studies 

The most surprising results of the first rainy season crop was 

the greater effectiveness of siID?le superphosphate applied broadcast in 

comparison with that banded. For example, 300 pounds per acre of P205 
applied broadcast resulted in yields of about 100 bushels per acre, but 
the same an.aunt banded gave yields of about 7 5 bushels per acre. With 
increased amounts of P2o5 applied from 35 up to 1,150 pounds per acre, 
yields increased from ab?ut 36 to 130 bushels per acre. 
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c) Lime F~eriment 

Thi~ experiment compared differc~t levels Jf lime, each level 

incorporated at two depths, 0 to 6 inche8 and 0 to 12 inches. In addition 

to determining the effect of levels of :(ime applied, an important objective 

was to determine if the deeper incorpor~tion of lime increased the rooting 
depth suff icif''ltly to pet:"mit exploltation of subsoil moisture during the 

short dry period which occurs during the rainy season. It was observed 

th~t wilting occurred on the shallow lime treatments generally about three 

days before it occurred on the deeper lime treatments. TI1is was reflected 

in the yields which were about 20 peTcent less wtere lime was incorporat~d 
in only 0-6 inches. It appears thac one or two tons of lime per acre is 
sufficient for maximum yields. 

d) Soil Moisture Studies 

Preliminary data from the present dry season irrigated corn crop 
indicate a good correlation between depth of lime incorporation and soil 
water utilizationo The water utilization is measured with tensiometers 
installed at 6, 12, 24 and 16 inch depths and gypsum bloc~<S at 6 and 12 

inches depths. Six different levels of irrig~tion are being used aud the 

water applied to each plot is measured with an in-line flow meter. 

Visual 1•bservations on water stressed plants indi.care a linkage between 

phosphorus deficiency and water stress. 

Field observations supported by soi.1 water data indicat:~ that corn plants 

watered only every two weeks and thus subject to four to eight days of 

temporary wilting use less water after it is st~pplied than plants which 
are irrigated weekly. A possible explanation is a temforary root inactiva= 

tion or metabolic changes within the plant which result iL~ a "hardening" 
of the leaves. In contrast to the reduced water utilization by water 

stressed plants, the plants r~ceiving rhe most frequent irrigation use ~ 

·water out of proportion to their appa:ent vegetativ~ growthe 

e) Zinc 

soil. 
little 
of 130 
zinc. 

Without application of some zinc, corn will not grow on this 
Zinc levels of 1, 3, 9, and 27 p =mds per acre were compared and 

or no increased yield was _ btain• ... above 3 pounds per acree Yields 

to 140 bushels per acre were obta!ned from the plots with aJequate 

3) Extension of results of field research 

Although available information 
the experimental site are extensive 
was not certain to what d~gree soillc 

P.oils would £lffect mnnngc-::ient ne~{!'.;. 

and maps indicated t~at the soils at 
the Central Plateau of Br.azil, it 

_·the differences in the associated 

.. 

( 

( 

( . 
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A team at two U.S. and four Drazilian soil scientists concluded after an 
intensive f icld survey that the results at the Experiment Station at 
Brasilia should apply in principal to extensive areas of the Campo Cerrado, 
although local variation is to be expected. 1t~J recommended that at least 
one more site, on a different soil, be established to broaden the applica­
bility of the research. 

~hort periods of dry weather during the rainy season seriously reduce yields 
in the Campo Cerrado and supplement-"'~ ird.gation prove profitable for many 
crops. Climatic data indicate that small ponds could provide a reliable 
and economical source of water for this purpose. 

2. Signifi~ance to A.I.D. Objectives 

This project is aimed at providing more food and a bei..ter balaaced 
diet for the people of developing countries. The research is directed 
toward better use of land resources in the humid tropics. It will provide 
the soil and crop response data on which reasonable sector analyses can 
be based, setting the range of opportunity in the future. 

The practices developed shoula c~ particularly useful to the farmer of 
limited means and.should not involve long-term capital outlays. If the 
return on investment is high, these practices can help give the subsistence 
farmer a better living and perhaps a surplus for savings and a few luxuries. 

Productive employment of people in the d~veloping countries is a major 
objective of A.I.D. Successful research under this project will increase 
job opportunity both on the farm and in the community as a whole. It will 
allow more intensive farming. It will encourage the development of new 

·farming areas creating new jobs. lb.rough greater output it will create 
a substantial number of jobs in the community in pur~hasing, storage and 
transport of food and other farm products. 

3. Relation to Existing Knowledge 

The National._.Ac.ad~ __ Qf_~-c._i_~~gs under contract AID/csd-2505 established 
a Committee on Tropical Soils to assess the present knowledge of the soils 
of the humid tropi.cs.arid to establish the major research needs.' At the 
same tim~, North Carolina State University, under its A.I.D. contract 
csd-2806, published "P,. Review Qf ___ $9.;ll§._]3._g§J~E:rCJLiIL1.t:Q.I2ii;.~).._L..<!t.i.!L~~ic~,~ 19 

The reviews indicate that research on soil nitrogen and nitrogen trans­
formation in soils of the tropics is very spotty. Tropical agriculture 
appears to have depended heavily on research in temperate areas for funda­
mental information on soil nitrogen. However, there are some soil nitrogen 
and organic matter transformation processes in the tropics which are quite 
different from those commonly observed i~ te~perate regions. These differ­
ences result lurgely fro~ differences in climate. 
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For recently cleared and cultivated lands, there is little information on 

the rate of decline in soil organic nitrogen and the per:tod at which 

equilibrium will be cstablinhcd. Informtiti , relative to nitrogen movement 

in the soil is scarce. Knowledge of shifting cultivation in the tropical 

world is very limited and only part of the puzzle has been looked at yet. 

A systematic approac,,measuring changes in soil properties as a function 
of time is needed. ' 

Very little work has been done on the amount of fertilizer phosphoru~ 

required to bring the soil :lp to optimum levels. There is also a need 

to study the residual effect of phosphorus from a given application of 

phosphorus. A reliable and inexpensive test to diagnose phosphorus 

deficiency in tropical soil is urgently needed. This will require cali­

bration with field trials unJer different soil an~ climatic conditions. 

Soil acidity and liming are still very poorly understood in the management 

of tropical soils. Information is required on the amount of exchangeable 

aluminum in relation to total exchangeable bases and on the interactions 

between aluminum and the other cations. The effects of.liming, which are 

known to vary radically from cne soil to another, must be understood before 

rational ~rediction of the effects on the plant is possible9 

These reports point out the necessity to optimize soil moisture utilization, 

maintenance of good soil structure for encouraging plant growth~ and show 

the lack of evidence on how to reach these objectives. 

Micronutrient deficiencies are likely in many areas of the humid tropics 

with the intensification of cultivation that involves substantial use of 

fertilizers, lime, and improved cultural practices. Investigation of these 

interrelationships is needed as ·~ell as identification of soil properties 

related to mtcronutrient deficiencies. 

In these reviews much emphasis is given to the need for long-term experiments 

for developing soil management sys'.dms including multiple cropping and 

rotation's that are an improvement over those currently used in traditional 

agriculture in the tropics. Such experiments require repetition at several 

sites on carefully characterized soils and climates that are representative 

of extensive areas. The priorities assigned to specific research problems 

will be locale dependent; for example, in some areas soil moisture or soil 

structure will be most important, in others, the nitrogen supply, phosphorus 

~equirements, or soil acidity. Most probably a combination of two or more 

problems will be involved. 

4. Relation to Other Research 

This project is essentially a component of an interlocking research 

program on soils and water ir.anagement in the tropics. There are two 

consortia, the one on soils, consisting of Corne~~~, the University 
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!!f Ha~~i 1, Nort~---~4.rolina ... S.t.!,J._~~ University, f'_rairie View A & M College, 
and the-·lin{yerli-ity of Pue.1:.t:_Q __ Ri-c§:·-·-The~othel:" --on-waterconsis''fsoflffan 
?1ate Uni ver $~ ~y L~_<?!()r: ~r.I<>. '~.l":C!.~-~-Y1~~y~-I~t~y __ !!_I},~--~-~-~c .. 1!.~!~~_E:S~£Y..~ of A~-~~<J~.a t 

all funded by AID 2ll(d) grants. Each university is building its capa--
bility in a separate area of the soil and water management system for use 
in the tropics. 

North Cat·olina State Unive1 sity, in addition, has two con tracts with AID 

that relate to soil fertility. One is a centrally funded research contract 
that is studying agro-economic management systems for the tropical soils; 
the other, a Latin America regional technical assistance program geared 
to soil fertility evaluation programs, soil testing, the establishment of 
soil testing laboratories, and training of personnel. 

Utah State University ar.d Colorado State University each have separate 
research contracts with AID. These universities are investigating on-farm 
water management problems in Latin America and in Asia, respectively. 
Their studies include work on crops, fertilizer, drainage, salinity, 
water conservation practices, etc. 

Each of the above consortia prc·vides an opportunity for its members to 
interact and exchange knowledge at regular meetings and/or working 
connnittees. Furtheroore, each consortium sends representatives to the 
meetings cf the other group. 

The soils work done under IRRI, CIAT,CIMHYT, and IITA a1.1 bear on the work 
un~er this project. The TVA project to develop new fertilizers for rice 
is pertinent to soils of high rainfall areas where rice is grown as an 

.upland grain crop. 

Following the initiation of this project, a planning conference was held 
in September, 1969 at Raleigh, North Carolina with representatives of 
U.S. institutions involved in soil fertility/soil management protleEs in 
the humid tropics of Latin America. The following institutions were 
represented: North Carolina State University, University of Puerto Rico, 
Tennessee Valley Authority, U.S. Depart:mer?.t cf Agriculture, University 
of Florida, Utah State University, International Maize and Wheat I~prove­
ment Center (CIMMYT), Agency for International Development, and Cornell 
University. 

At this conference, each institution outlined the soil fertility work 

which it was conducting and planning to do in Latin America. An 
outline of the initial experiments proposed by Cornell University for 
starting the work in Puerto Rico was ~resented and d:lscussed. There was 
general agreement that the research proposed was of high priority and 
would supplement the ongoing work in soil fertility of the other institu­
tions. 
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A similar conference w2s held the following year at Raleigh, North Carolina 
to promote coordination, communicatir.n~ an<l liaison among AID-funded projects 
and grants concerned with tropical soils and fertilizers in developing 
countries. 

A tropical soils research conference was hosted by IITA in Ibadan, Nigeria 
in May, 1972 in cooperation with the French Agricultural Research Institute 

(IRAT). Members of the Cornell staff involved in the project participated 

in the conference which provided a u':lique opportunity to interact with­
African soil scientists from several countries in addition to the many 
French, British, Belgian, and U.S. soil scientists doi.ng tropical soils 
research. Also there was an opportunity to become familiar with the soils 
research activities of IITA. Following the conference the Cornell partici­
pants visited institutions in several African countries which have ongoing 
research programs. 

Continuing contact has bee·1 maintained with IITA, most recently when 
Dr. Lathwell of the Agronomy Departm€nt at Cornell attended the Shifting 
Cultivation Workshop in Ibadan last July. He had the opportunity to 
discuss soil fertility research work with IITA soil scientists. He 
arranged with Dr. Kang of IITA to have soil samples sent to Ithaca from 
their nitrogen experiments to determine the applicability of sinp'le pro­
cedures ceveloped by Dr. Lathwell for determining the nitrogen supplying 
power of soils of the tropics. 

Arrangements ha"e been made with~ for a cooperative research project 
entitled 11Agricultural Land Use and Potential in Relation to the Genesis 
and Classification of Soils of a Climatic Sequence on Early Pleistocene 
and Late Tertiary Sediments in West Africa." J:?J_~----~.~~~:1J~J:!gsu:~:n.,,.of IITA, 
Dr. M. G. Cline, Dr. R. A. Arnold, and Mro Terry Forbes of Cornell have 
-iespo:O.-:.ifhfi i fy--f or··-t.he · p-r-oject::--.. ~Mr:--roro·e~s--wrII~£e-·y11-;··ma1ninveseTsa·rc;r .. 
In addition to IITA, AID, and Cornell, other cooperators will be West 
African research institutions that coope~ate with IITA. This study would 
appraise the potential performance of different kinds of soils where data 
are available in the area. It would determine soil properties at bench­
mark sites =_:r0m Togo to southeastern Niberia where lITA, IRAT, and 
Nigerian research stations have data on soil performance. Based on this 
information the soils ···ould be class if cd as bases for extending the 

information in West Af:ica and in other tropical regions. 

Collaborat:i.ve arrangements have been established with CIAT and CIMMYTo 
'An informal agreement with CIAT and the Colombian Agricultural Research 
Agency (ICA) pro·:ided the opportunity for two Cornell l'h.D. candidates 

to do their thesis research on the acid soils of the eastern plains of 
Colombia on problems of mutual interest ~elated to the objectives of the 
project. r Dr. Eduardo Alvarez, Associate. ~irect.o_~?..LJ~JAI has recently 

-----·---------.......__..--.,-.... "'"-"~ ...... ~_.., ....... ,_.._--,.~~~T·~-........ ,_.,,,_"'..,~--T-·•4•.,-T''-··"'""~'?~ ...... ,,,..,.;, 
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visited Cornell and offered his cooperation in our research efforts 
particularl:.- !.n connection with the fert:.~ity experiments on cassava. A 
Cornell Ph.D. candidate from Car.·- tC1on will soon be going to Colombia to 
do his thesis research on cassava ~~ich includes soil fertility studies. 

An arrangement has recently been made between Cornell and CIMHYT for a 
graduate training and resea~ch program to involve a team of five Ph.D. 
candid2.tes from different disciplines (Soil Science, Plant Protection, 
Plant Breeding, and Agricultural Economics) to work on a priority problem 
which would involve a cross-discipline approach. The researchers would 
be under the guidance of a team of Cornell faculty and CIMMYT. This is 
a four-year experimental program and will ?rovide continuing contact and 
association with CIMHYT 

5. Proposed Work Plan 

a. Scope of Work 

The purpose of the research in this project is to develop better 
soil and water management practices for the humid tropicso Work on uoth 
major plant nutrients and micronutrients is included. AluminWll toxicity 
and means for its control are being studied. Liming and phosphate ferti­
lizers are being tested for their effects on plant rcoting aTid yield. 

Grains and ed:f.ble legumes were used in the early years as test crops but 
now other important food crops sue~ as cassava and plantain will be used 
also, especially on those plots which have been maintained for several 
years and on which it is reasonable to expect measurable residual erfects 
of prior treatment. 

It is planned to reduce the effort in Puerto Rico during the next three 
years, give more attention to the work in Brazil, and develop collabora­
tive programs in other countr~es. Studies in the new areas will be 
similar to those in Puerto Rico and B1 az:ll with necessary modifications 

· for on-site testing of the validity of the earlier findings under somewhat 
different soil and climatic conditions. 

Collab'oration with the Soils Research Institute at Kumasi, Ghana has been 
explored with Dr. Obeng, Acting Director, Dr. Ofori, Head of the Soil 
Fertility Section, and Mr. Halm, Head of the Soil Chemistry Section. 
They were very much interested in partic:ipation in a cooperative research 
program similar to the project operation in Brazil. The physical facilities 
at Kumasi are good and there are well-qualified staff members there who 
would like to partic:!.pate in a joint -~ff ort. The so:lls of the experimental 
fields at Kuw~si and at a substation are repres~ntative of extensive areas 
in central Ghana. Some are Ultisols, highly acid soils related to those 
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in Pu~rto Rico, and others are slibhtly to moderately acid. There i9 a 

substation .lt Ayinasi, a high rainfall area in the southern part of Ghana 

which has highly weathered and leached acid soils which are probably Oxisola. 

In discussions with staff members at the University of Ghana, they indicated 

their interest in a collaborative research effort at their research station 

at Kade which iq located in a high rainfall area of evergreen forest and 

acid soils. The Agricultural Officer of the AID Mission in Ghana, Mr. Ford, 

was very favorable to the idea of a cooperative soil fertility research 

project in Ghana between Cornell and either, or both, the University of 

Ghana and the Soils Research Im:titute. 

Although field research figures prcminently in this project, supplementary 

laboratory and plant research under controlled environreental conditions 

will continue. The f und3mental properties of soils from field test sites 

and other areas of interest are being studied. This is done both as a 

guide to design of experiments and to establish the comparability of soils 

from <lif ferent locations which have been classified as belonging to the 

subgroup or family. Greenhouse, lathhouse, and open pot or cylincer trials 

are being used to give a range of· conditions and allow a range of treatments 

which would be impractical in the field. 

The abstract of the Work Plan and Timetable follow. The work is described 

briefly with target dates for starting and completion. The presentation 

is organized according to location of the research and then the nature of 

the pa~ticular experiments or sets of experiments. A number of the experi­

ments &hown as starting in 1974 and 1975 are extensions of earlier experiments 

with different crops. 



Work Plan; Abstract and Timetr.>ble 

Location 

l) PUERTO RICO 

a) Nitrogen and phosphorus experiments 
with cassava on different soils at 
four locations. 

b) Nitrogen and phosphorus experiments 
with planta:ins on different soils 
at four locations. 

c) Nitrogen, phosphorus, potassimn, 
calcium, magnesium, and micro­
nutrient experiment with ,Plantains 
at one location. 

d) Sub0oil liming on high aluminum 
soil with sorghum as test cropo 

e) Lim:ing exper:irnents with plantains 
on five different soils at five 
locat::i.or.s. 

f) Soil water extraction patterns of 
various crops :in relation to rooting 
depth as affected by fertilizer and 
lime treatments .. 

2) BRASILI.A, BRAZIL 

a) Nitrogen experiments: Rates and 
methods of application of nitrogen 
for corn, upland rice, sorghum, and 
root crops on two extensive soils 
in the Campo Cerrado. 

b) Phosphorus experiments: Rates and 
methods of application of phosphorus 
for corn, upland rice, soybeans or 
other edible legumes, sorghum, and 
root, cr·ops. Sa.'lle two soils as above. 

Starting 
Date 

April '73 

Jano 1 74 

April '73 

April '73 

April '73 

Oct,. 1 72 

Oct .. '72 

Oct .. 172 
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Expected 
Cor:npletion 

Dec. '75 

June 1 76 

June '76 

Oct .. 1 ?4 

June 1 76 

Octo 1 74 

June 1 76 

June 176 



Work Plan; Abstract and Timetable (cont'd) 

Loe at.ion 

BRAZILIA, BRAZIL (cont'd) 

c) Nitrogen, phosphorus, lime, and 
micronutrient experiments with 
grasses and legumes. 

d) Liming experiments: Deep p} .·~e­
ment of lime co:rrpared with 
surface applications for ''.:':-:r., 
sorghum, upland rice, edihle 
legmnes and root crops. Same two 
soils in (l~ .. and b)., 

e) Soil moisture studies to determine 
factors affecting the efficient use 
of water in the soil under natural 
rainfall and under irrigationo 

3) GHANA 

a) Nitrogen experiments: Rates and 
methods of application of nitrogen 
fertilizers for cereal ~rains and 
root cropE on two representative 
acid soils. 

b) Phosphorus experiments: Rates and 
methods of application of phosphorus 
iertilizer for cereal grains, 
edible legumes, and root crops at 
same two sites as abovea 

c) L:i111ing experjments: Effect of deep 
pl.aceme.nt of lime compared with sur­
f~ce applications on cereal graixis, 

. edible legumes and root crops.. Same 
two sites as above~ 

r 

Starting 
Date 

Aug.; '73 

Oct.. 172 

Jan., 1 73 

July '74 

July 1 7!i 

July '74 
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Expected 
Completion 

June '76 

June '76 

June '77 

June '77 

June 1 77 

June '77 

( 

( 

( 



Work Plan; Abstract and Timetable (cont'd) 

Locatio!1 

GHANA (cont'd) 

d) Soil moisture studies: Factors af­
fect:ing its efficient us~; develop­
ment of improved water managem.ent 
practices in reldtion to soil 
fertiltiy requirements. Same two 
sites as above. 

e) Micronutrient studies: Identifi.ca­
tion of micronutrient needs and 
experiments to determine the most 
effective rates and methods of 
application .. 

4) I'r'HACA 

a) Chemical studies on soil samples 
from field e:xperiments in Puerto 
Rico, Brasilia, and Ghana to help 
interpret field responses to 
nitrogen, phosphorus and lime 
treatments and provide a basis for 
the application of the experimental 
data to similar so::..ls in other 
areas in the humid tropics. 

b) Clay mineralogical properties of the 
soils from the experimental plots i.~ 

relation to their effect on ion 
absorption and release. 

Starting 
Date 

July '74 

July '74 

April '73 

April '73 

~ .•. p 0 23 

Expected 
Completion 

June '77 

June '77 

June '76 

June 176 
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b. P~rogram of Work -- April 1, 1974 to March 31, 1975 

The work this year represents a maturing of several phases 
of the project in Puerto Rico. The rather intensive work on nitrogen, 
phosphorus, and liming, using short-term grain crops as test plants, has 
been followed by the use of longer term cro~s of major significance to the 
tropical farmer. Cassava (manioc) and plantain will be useG. Their selec­
tion was dictated by general practice. Fields are normally planted to one 
or the other of these crops at the end of a bush fallow cycle before the 
field is abandoned. As mentioned above the work in Puerto Rico will be 
reduced substantially during the next three years as the effort in Brasilia 
is expanded and work is started in other areas. 

Additional emphasis will be given to soil moisture relationships and plant 
nutrit~on in the coming year. Research results to date strongly point to 
water availability as a major yield determinant so that it can no longer 
be ignored because there is "adequate" rainfall. 

The work in Brasilia is in the initial stages and will follcw from the 
work already done in Puerto Rico. As in Puerto Rico, corn was the first 
crop but other short-term crops will follow before plar1ting medium or 
long-term crops. An intensive stt·.:iy of moisture relationships will be 
part of the ~esearch at Brasilia from the outset. 

It is planned to initiate a program in Ghana with experiments similar 
to those being conducted at Brasilia. 

A detailed description of the research .activities which are planned is 
given below. 

1) Puerto Rico 

a) Nitrogen Experiments with Cassava and Plantains 

Following the four crops of corn and one crop of upland rice, 
cassava was planted in April, 1973, at the four experimental locations in 
Puerto Rico having represen~ative soils with characteristics similar to 
the acid soils so extensive in the humid tropics (Oxisols and Ultisols)s 
As with the cereal crops, the objective is to <leterndne the efficiency of 
utilization of different rates of applied nitrogen in relation to the 
productivity of cassava on the different soils. In addition to the yield 
data, soil and plant analyses will help determine movement of nitrogen 
through the soil, uptake by the crop, and losses through leaching and 
volatilization. 

.. 

( 

( 
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Up until now the ir.ain emphasis in the nitrogen experiments has been giYen 
to the cereal food crops. In accordance ~ith the original plan, attention 
is now directed to responses of important tropical root crops, such as 
cassava, to levels and methods of nitrogen applications. A new high 
protein cassava variety is being used. 

Following the harvest of cassava, the next crop at the four locations 
will be plantains. In addition to these experiments an extensive field 
trial with plantains is being carried out on another clayey Ultisol in 
cooperation with the U_.S.D.A. Agricultljra,J_.~g~-~~rch _~~-J;YJ.~~. soil scientists 
to determine nitrogen responses in various combinations with phosphorus, 
potassium, lime, and micronutrients. 

b) Ph~phorus Experiments with Cassava and Plantains 

Following the completion of field trials of the cereal crops on 
a representative clayey Ultisol in Puerto Rico on rates and methods of . 
application of phosphate fertilizer, cassava will be the test crop to be 
followed by plantains. In adcition· to yield responses to different levels 
and methods of application, the residual effects of applied phosphate to 
successive crops will be measured. 

On a clayey Ultisol, at another location in Puerto R.:t.co, yield responses 
to levels and methods of phosphate application to the plantains will be 
determined. 

Chemical studies on phosphate retention and availability will be made on 
soil samples from the different field plots. The objective will be to 
develop extraction procedures for soil tests which would provide better 
correlations witn crop response than can now be obtained on many Oxisols 
and Ultisols. 

c) Soil Acidity and Liming Experiments 

On five different Oxisols and Ultisols in Fuerto Rico the field 
trials will be continued in order to get yield response to different levels 
of lime on a succession of crops. Following two crops of corn, one of 
green beans, one of sweet potatoes, one of rice, and one of Irish potatoes, 
plantains will be grown during 1974-1975. The objective of these experiments 
is to determine the minimum levels of lime required for optimum yields of 
various crops on the different soils and to devise better laboratory methods 
for determining lime requirements. 

On a representative clayey Ultisol high in exchangeable aluminum the effect 
of incorporating lime in both the subsoil and surf ace soil will be compa~ed 
w'ith liming only the sur.f c>.ce so11. r:i.e test crop will be sorghum which 
is particularly sen3it:!.ve to aluminu:1 toxicity. This work will be done 
in cooperation with the U.S.D.A. Agr.:'..cu~tural Research Service Soil scientists. 

, 



po 26 

The field trials will be supplemented with laboratory nnd greenhouse 
studies with special attention being given to factors which affect 
aluminum toxicity to crops. Previous studies have shown the effect of 
the kind and concentration oi other ions in solution on aluminum toxicity 
and these studies will be continued. The effect of organic matter in 
reducing aluminum toxicity, shown in preliminary greenhouse trials with 
sorghum, will be studied with other crops. 

d) Soil :Moisture Studies 

One of the most critical factors affecting crop response in the 
soil fertility experiments is availability of soil moisture. A deficiency 
of soil moisture frequently occurs during the rainy season when there are 
periods with little or no rainfall. Preliminary studies in Puerto Rico 
on infiltration, movement within the profile, storage, and availability 
of soil moisture have pointed up the necessity for a more critical investi­
gation of the soil moisture factor in relation tJ crop response to applied 
fertilizers and lime. Root development in the subsoil is restricteJ in. 
many of the acid Ultisols and Oxisols by the relatively high amount of 
aluminum and/or manganese and deficiency of calcium and/o~ other nutrientso 
Consequently, even though there may be adequate subsoil moisture storage 
during the dry periods in t~e rainy season, root deveJopment is restricted 
and the stored water cannot be exploited. It is planned to measure the 
soil wa~er extraction patterns of various cr~ps in relation to rooting 
depth as affected by the application of fertilizers and lime. This ~ork 
is being done on ~epresentative Ultisols and Oxisols in Puerto Rico. 

2) Brazil 

a) Soil Fertility and Soil Moisture Studies on the Camno Cerrado 

In collaboration w5th the }tlnistry of Agriculture and North 
Carolina State University a series of field experiments was initiated in 
Occober, 1972 on a soil at the experLnent station near Brasilia which is 
representat.;. -e of millions of hectares of the deep, weJl-drained highly 
acid,soils o{ the Campo Cerrado. The experiments now underway will 
measure responses of corn to diff ere~t levels and methods of application 
of nitrogen, phosphorus, and lime. These experiments are similar in 
design to those which have been conducted in Puerto Rico. Though the 
soils are similar in many characteristics to those under inves~igation in 
Puerto Rico, there are important differences and the climatic environment 
is different. 

Following the first crops of corn it is planned to have a sequence of 
crops such ns upland rice, soybeans or other edible legumes, sorghum, 
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and root crops. Irrigation facilities are available so that it is planned 

to have continuous cropping throughout this year. Soil moisture arrange-

me~ts will be made to determine water stress in relation to root penetration 

during the cropping periods. Pa~ticular attention will be given to subsoil 

root penetration and soil moisture extraction in a liming experiment involving 

deep placement of lime in comparison with surface applications. The relatively 

high percentage of soluble aluminum and very low calcium and magnesium are 

important factors in these soils.limiting the productivity of many crops. 

Potassium is also very low in thes.e soils and its availability ir. relation 

to calcium and magnesium will be investig~ted. 

b) Fertility Trials on Pasture and~ 

As considerable emphasis will be given by the Ministry of Agri­
culture to beef cattle production on the Campo Cerrado, it is planned to 

initiate soil f et ility trials wlth grasses and legumes in collaboration 

with the University of Floride1 forage and livestock specialists who have 

been contracted to develop a livestock improvement program for the Campo 

Cerrado with headquarters in Brasilia. 

3) Ghana 

a) Soil Fertility and Moisture Studies 

It is planned to initiate fielJ~ greenhouse, and laboratory soil 

fertility research in collaboration with the Soils Research Institule 

at Kumasi and the University of Ghana near Accra. The priority areas 

for the suggested research on representative acid soils of the area may 

include: (1) methods of supplying the nitrogen requirements of important 

food crops; (2) methods of economically supplying phosphorus for sustained 

crop production; (3) methods of economically correcting soil acidity as 

a factor limiting crop production; (4) soil moisture studies to determine 

water utilization patterns and to develop Qethods for more eff~~ient use 

of water in relation to nutrient uptake; and (S) determination of micro, 

nutrient-deficiencies through observation 9 soil ana~ysis, plant analysis, 

and yield response experiments. 

4) Ithaca 

a) Clay Mineralogy Studies 

In o~der to better interpret the reactions of applied nutrients 

in the soil fertility experiments, mineralogical analyses will be continued. 

Special attention will be given to the interaction of the non-crystalline 

iron and aluminum oxides ax~d organic I!latter anc its influence on the charge 

characteristics of the su~fecc ho~~zo~s. Th~ so~l mineralogical properties 

which influence ~· .:: abso-:-.~t:l . .'Jn and release o!:. ac!dec! phosphorus t:o the crops 

will be <leter.ninec. A~.30 t::,e af f~.n:!. 6.:y or: the exc:-tange complexes for 

potassiuo rele.t:tve to tha>: 0~ cnlc::.um .:me. al·.t:r-.iri.·.~'!!l will be measured on 

those soils which have a :relat:..vely -:.0·11 11~vel of potassium. 
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c. Project Staffing 

The staff assignments for the coming year at Cornell and at the 
niversity of Puerto Rico are shewn on the next chart. The greatest 
mount of professional time will bz contributed by the staff in Puerto 
ico, Brazil, and Ghana. 

1e staff posted in Ithaca will be e;:pected to spend a considerable amount 
t time in Pue~to Rico, Brazil, ~:~d Ghana or traveling in other tropical 
'untries. 



Persormel - April l, 1974 to March 31, 1975 

Location 

?UER'IO RICO 

Professional 
R. H. Fox - Soil Scientist 
X-JJ._-Brenes.-~=so1r=:ClieiiiIS.t 
Jf.~J)e . Valle - Agronqm,;i~t 
Y. F.raticelli 

~aJ.!~~a.r1a-_~=...~Ji~~-~:;3sis~~nt~· 

Nonprofessional 
V. Santiago - Technician 
M. Malave de Garcia - Secretary 
Laborers (Field) 
Laborers (Laboratory) · 

BRAS JLIA, BRAZ IL 

Professional 
~Jl.-.N~cJ.~11llan - . Soil Scientist 
p '- llan.c;iY-.. -: .. ·.~g § iL:.Ai~?:--~t~j·_~~ ..... ·~·~ 
J. Pruntel - Res. Assisto.nt 

_....---.,.,.._,d_,.,,~ ...... _,_ •• ~ ... 7~· -·~- ·~--

!:!_onprofessional 
E. Martins - Field Assistant 
---------- - Lab. Assistant 

GHANA 

Professional 

Noriprcfessional 

Soil Scientist 
Res .. Assistant 

---------- Field and Laboratory Assistant 

Man Months -----

12 
6 
6 
6' 

12 

12 
12 
So 
20 

12 
12 
3 

12 
12 

'·' 
9 

9 



Personnel (cont'd) 

Location 

ITH/\ CA 

Prof'essional 

Nonprofessional 

M. Boyukcolak - Secretary 

P· ~o 

Man Months 

3 6 ~ 

2 .. 5 
2.,5 
l 
1 

12 

*Associated with project but not to be paid from project .fw~d 
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d. f rojected Buaget 

Allocation by Fiscal Year 
(thousands of dollars) 

Category '74 '75 , 76 

Salaries 160 162 162 

Overhead 55 56 56 

Travel and Transportation 18 16 16 

Allowances 15 16 16 

Other Direct Costs s 5 5 

Equipment, Vehicles, and Supplies 22 20 20 .-·-
'IOTAL 275 275 275 

NO~"E: The costs at the University of Puerto Rico are included in the 
line items of this budget. As the work in Puerto Rico is phased 
down, the reduced costs will be offset by the wcrk in Brasilia 
and that proposed for Ghanao 

An incrnasing budget to affect normal increments to an increasingly. 
competent staff and to offset :inflation ·will be needed to maintain 
the current level of efforte 
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6. ~esearch Contractcr's Competence 

The Department of Agronomy of Con;ell University :ts recognized as one 
of the leading soils research and teaching groups in the United States. 
In addition, Cornell has had a long association with tropical agriculture 
in many parts of the world especially in the Philippines and in Latin 

America. The department attracts a large number of foreign students 
seeking both the disciplined training and prestige associated with a 

Cornell degree. Of the more than 60 graduate students in the department, 

over half are from foreign countries and most of these are trom tropical 
countries. The department has recently been autr.orized to have a senior 
faculty position on state supported funds with a full-time commitment to 
world soils. The College of Agricu~ture, therefore~ will now have nine 
faculty in seven departments suppo~ted by state funds with a full-time 
commitment to international agriculture. In addition, the director of 
the office of.International Agriculture is supported by state funds. 

Of the sixteen faculty in the Department of AgronoilJY who are involved 
in research, training, and te~ching in the various soil science disciplines, 

ten have had from six months to four years or more of experience in tropical 

( 

and subtropical environments or are now on such assignments. The Cornell ( 

staff assigned to the project, as a result of service in the tropics, is 
familiar vith the problems in t!iOse regions and is well qualified to conduct 

the necessary research activities. The project director, Dr. Drosdoff, has 

spent most of his professional career working in the tropics and subtropics 

on problems of these regions. 

Soil science at Cornell has available approximately 50,000 square feet 
(net) of laboratory, office, and service space in a large modern facility. 
This is fully equipped with the most modern furnishings and equipmento 

Library resources at Cornell include a) Mann Agricultural Library, considered 

outstanding among University libraries in the United States and b) Olin 

Research Library, a relatively r~cently constructed facility equipp~d for 
graduate student and staff research and study. It ranks among the first 
ten University libraries in the country. 

The University of Puerto Rico, the subcontractor on this project, has 
established itself as one of the leadlng Universities and research institu­

tions located in the tropics. The staff is also technically well qualified 

and is working full time in tropical soils and agronomy. The University 
of Puerto Rico has an excellent library with emphasis on materials relating 

to tropical agriculture. 

.. 

( 
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7. Research Linkages 

a. The research carried on in Puerto Rico is cooperative under a 
subcontract with the University of Puerto Rico and several staff members 
of the Agricultural Experiment Station have been assigned to the project. 

There is also excellent collaboration with U.S.D.A. soil scientists 
stationed in Puerto Rico. 

b. Close collaboration is maintained with North Carolina State 
U•liversity which has a related research project, "Agronomic-Economic 

Research on Tropical Soils." 

c. The research activities initiated in Brasilia have been developed 

cooperatively with the Ministry of Agriculture scientists and in collabora­

tion with Nor!"h Carolina Stat.~ University. 

d. Cornell is one of five Universities including North Carolina 
State, Hawaii, Puerto Rico, and Prairie View, Texas, in a University 
Consortium on Soils of the Tropics. Semi-annual meetings of representatives 

of Consortium members and workshops provide opportunities for exchange of 

information and ideas on tropical soils research activities. 

e. ~ tropical soils research conference held in Ibada~, Nigeria in 
May, 1972 was sponsored by the Internalional Institute of Tropical Agriculture 

(IITA) in cooperation with the French Agricultural Research Institute (IRAT). 

Members of the Cornell staff involved in the project participated in the 
conference which provided a unique opportunity to interact with African 
soil scienti~·ts from several countries in addition to the French~ British; 
Belgian, and U.S. soil scientists doing tropical soils research. Also, 
there was an opportunity to become f am.~.liar ~ith the soils research activi­
ties of IITA. Following the conference the ::::ornell participants visited 
institutions in several African countries which have ongoing soils research 

probrams. 

£. As Chairman of the Tropical Soils Committee of the National 
Research Council for two years> the project director was in frequent 
communication with the other eleven soil scientists on the Committee who all 
bad much ~xperience doing soils research in the tropics and who represented 

a broad spectrun of soil science disciplines. The committee was composed 
of six soil scientists from the United States and six from France, Belgium, 

England, and Holland with long experience in the tropics of Africa, Asia, 
and Latin America. The Committee ID•:!t forrr.ally three times for a week each 

time to discuss all aspects of soil research needs of the humid tropics. 
The reports which were prepared formed the basis of a book on Soils of the 

Humid Tropics, published in June, 1972. 

r 
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g. An informal collaborative .arrangement was established with the 
Colombian Agricultural Research Az2ncy (ICA) and the Institute of 
Tropical Agriculture in Colombia (CIAT) for two graduate students to do 
their thesis research on the acid soils of the eastern plains of Colombia 
(Llanos). A graduate student from Colombia is now at Cornell and will be 
doing his thesis research on a soil fertility problem on the soils of the 
Llanos. 

h. Dr. Silva of thE: University of Hawaii spent his sabbatical yea;:­
at Cornell working on crop respc·nse to applied silicate, comparing soils 
from Hawaii with related soils from Puerto Rico. A graduate student from 
the Dominican Republic became interested in this subject and has done his 
thesis research on crop response to applied silicate on soils from the 
Dominican Republic which are low in soluble silica. Anoth~r graduate 
student from the Dominican Republic has done his thesis research related 
directly to the project. 

i. Dr. Coulter> tropical soils advisor of the Overseas Development 
Administration of England 1 was a visiting scientist on the campus for six 
months. His many.years of experience in Ealaysia and the Caribbean Islands 
and knowledge of tropical soils problems in Afric3., Latin America, and 

( 

Asia made him a valuable consultant for many of the students who we~e { 
de~eloping their ideas for research in their home countrie~. ' 

j. New fertilizers prer-ared by TVA have been used in tht:• field 
trials of the project. Cooperation with the International Fertilizer 
De:relopment Staff at TVA is on a continuing basis. 

k. Regular communications have been carried on with FAO soil 
scientists in Rome and other stations and there has been a periodic exchange 
of publications. 

8. Dissemination and Utilizati:1n of Research Results 

a. As segment~ of the research project are completed, the data are 
!assembled, analyzed, and interpreted and reports are prepared for conferences 
and seminars and for publication in appropriate technical journals. Fol­
lowing is a list of publications, articles submitted for publication, 
theses, and reports prepared for conferences: 

1) Sources of Nitrogen in Tropical Environments. Donald C. Kass 
Matthew Drosdoff. Agronomy Mimeo 70-9. 1970. 

2) ··Relationships Among Physical and Chemical Properties of 
Representative Soils of the. Tropics from Puerto Rico. Warren R. Philipson 
and Matthew Drosdoff. Soil Sci. Soc. Arr.er. Proc. 36:815-819. 1972 • 

.. 
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3) Nitrogen Fixation by Azotobacter paBpali in Association 
with Bahiagrass (Pasoalum notatum). Donald C. Kass, Matthew Drosdoff, an 
Martin Alexander. Soil Sci. Soc. Amer. Proc. 35:286-289. 1971. 

4) Nitrogen Fertilization in the Humid Tropics. Richard H. Fox. 
Paper presented at the Tropical Soils Research Conferen~e in Ibadan, Nigeria 
May 22-29, 1972 and published as an Agronomy Department Mimeo 72-17. 

5) Nitrogen Supplying Power of Some Tropical Soils of Puerto 
Rico and Methods for Its Evaluation. D. J. Lathwell, H. B. Dubey, and 
R. H. Fox. Agronomy Journal. 64:763-766. 1972. 

6) Root Responses of Three Gramineae Species to Soil Acidity 
in an Oxisol and an Ultisol. E. Brenes and R. W. Pearson. Presented at 
the k.nual Meetings of the Southern Agricultural Workers Association in 
Jacksonville, Florida on February 3-7, 1971. Soil Science (in press). 

7) Measurement of Aluminum Toxicity: I. Effects of Aluminum 
in Soil Solution on Root Growth. H. G. Zandstra and D. R. Bouldin. 
Submitted for publication to the Soil Science Society of America Proceedings. 

8) The Role of Organi,·. Matter in the Inhibition of Aluminum 
Toxicity in an Ultisol. Publio Santiago. M.S. Thesis. Cornell University. 
1972. 

9) The. Fats of Nitrogen Fertilers Applied to Tropical Soils. 
F. F. Ferreira. M.S. Thesis. Cornell Univer3ity. 1971. 

10) Aluminum Toxicity in Some Highly Weathered Soils of the 
Tropics. Hubert G. Zandstra. Ph.D. Thesis. Cornell University. 1971.. 

11) Mineralogy of Highly Weathered and Leached Soils ~f the 
Humid Tropics. R. M. Weaver. McGraw-Hill Yearbook of Science and 
Technology. 1973. 

12) Clay Mineralogy of Ultisols and Oxisols of Puerto Rico. 
R. M. Weaver. To be submitted to Soil Science. 

13) pH Dependent Cation Exchange Selectivity of Oxisols and 
Ultisols. R. M. Weaver. To be submitted to the Soil Science Society of 
America Proceedings. 

14) Influences of Amorphous Iro~ Oxides and Organic Matter on 
the Charge Characteristics of Highly ~e~thered Soils of the Tropics. 
R. M. Weaver. To be submitted to Clay"' and Clay Minerals. 
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15) Chemical and Clay Mineral Properties of a Highly Weathered 

Soil from the Colombian Llanos Orient.ales. R. M. Weaver. Agronomy Mimeo 

72-19. 1972. 

16) Cultural Systems on Tropical' Soils. M.Drosdoff. 
of the Tropical Soils Workshop, Prairie View A&M College, Texas. 

Proceedings 
1~172. 

17) Organic Phosphorus in Soils with Special Interest in Soils 

of the Tropics. K. J. Roberts and R. M. Weaver. Agronomy Mimeo 73-1. 1973. 

18) Limitations to Productivity of Some Oxisol and Ultisol 
Surface and Subsoils. K. Dale Ritchey. Ph.D. Thesis. CQrnell University. 

1973. 

19) Use of Wick-Watering for Greenhouse Pots in the Tropics. 

K.Dale Ritchey and R. H. Fox .. 19'13. Submitted for publication to Tropical 

Agriculture (Trinidad). 

20) Limitations to Product:Lvity of Some Oxisol and Ulti.sol 

Subsoils. K. Dale R~tctey and R. H. Fox • 1973. Submitted for publica­
tion to Journal of Agriculture of the University of Puerto Rico. 

21) Denitrif ication Losses from Humid Tropical Soils of Puerto 
Rico. H.D. Dubey and R. H. Fox. 1973. Submitted for publication to 

Soil~Science Society uf America Proceedings. 

22) Resultados Preliminares de Estudos com Calcario e 
Fosforo num Latosol Vermelho Escuro Textura Argilosa, Fase Cerrado. 

W. Soares, E. Zob_orowsky, G. Naderman, E. Gonzales, and R. Yost. Present:ed 

at the XIV Brazilian Congress of Soil Science in Santa Maria, RGS. July 1973. 

23) Soils of the Central Plateau of Brazil. M. G. Cline, Cornell 

University and S. W. Buol~ North Carolina State Uni.versity. Agronomy Mime~ 

73-13. 1973. 

b. Meetings of the University Consortium on Soils of the Tropics 

sponsored .under an AID 211 (d) grant, have provided an important way .. t:o . 

disseminate the findings of this project. Each of the member universities 

is building both its research and teaching competence in tropical soils. 

The research of this project will be immediately available for related 

research and passed on to students from many countries. 

c. The Project Director serve1 as Chairman of the Committee on 

Tropical Soils of the National Academy of Sciences. The outgrowth of 

the work of the committP.e resulted in the publication of a book in June, 

1972 on Soils of the Humid Tropics. This ~ook contains a section on 

Researc}l Needs and sum:nary articles on !>r~sent knowledge of tropical· ... 

soils in llll\ny s1Jbj ect re~t ter nrens. ~:·.~ ·.,?o'k has a wide distribution 

~~ng research workers, s~uden:s, and t~achers interested in soils of the .. 
tropics. 

( 

i 
\ 
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d. A number of graduate students, internF.tional and U.S. , have 
either been directly involved in the project or in research re~nted to 
the project. Mr. Ferreira and Mr. Tio of the Dominican Republic did 
their M.S. thesis research on a topic directly related to the project 
as did Mr. Santiago from Venezuela. Both of these men have returned 
to positions in their home country. Mr. Tio has been appointed head of 
the Soils Department in B University in the Dominican Republic. 
Dr.Zandstra of Canada did his Ph.D. thesis research on a topic directly 
related to the project and is now assigned to Colombia on a t£chnical 
assistance project stionsored by the Canadian Government. Dr. Naderman 
of the U.S. did his thesis research in Colombia on a topic related to the 
project and is now in assignment in Brazil working on the project in 
cooperation with the Ministry of Agricultureo Mr. Ritchey of the U.S. 
has completed his Ph.D. thesis research in Puerto Rico directly related 
to the project and has a career corrnnitment to continue to work in the 
tropics. He now has a posi'.:ion with the University of Wisconsin and is 
stationed in northeast Brazil. Several other graduate students from th~ 
U.S. and abroad are initiating their thesis research on subjects related: 
to the project objectives. 

e. Between 500 and 1,000 farmers and extension agents visited the-­
intensively managed plar.1tain. f ertil :!.i::y experiment in Puertu Rico. The 
yield of approximately 68,000 pla~tains per acre in this experiment was 
20,000 more than the previous reco~d for Puerto Ri~o and 45,000 more than 
that attained by the average farmer. 

f. Though the work in Brazil has been underway for only about a 
year, the results of the initial. experiments are getting wide dissell'ination. 
In addition to the preliminary paper presented at the Brazilian Congress 
of Soil Science in Santa i'1.aria in July 1973, several popular articles have 
been printed in the "Supplemento \gropecuario" of the Diario de Brasilia 
in February and March 6£ 1973. An agronomy class oi the University of 
Brasilia visited the experiments in ~!arch 1973, and a summary of the 
~esults to date was presented at the University of Brasilia in July, 1973. 

g. The report by Cline and Buol on the Soils.of the Central Plateau 
of Brazil was submitted to Dr. Roberto Neirelles, co-director of the 
Brazilian Agricultural Research Corporation (EMBRAPA). He asked for 100 
copies for distribution to all those involved in research on the Campo 
Cerrado. 

9. Budget Analysis 

The budget presented for the contract year beginning April 1, 1974 
is reasonable in the light of .the plan of work. Salaries make up the 
greatest portion of the project cost. Overhead which is set hy ~niversity 
regulation io within nn 3cccpt~ble range, t~~nty percent on an overall 
project cost basis. ~ 
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10. Internal and External Review 

This project has been reviewed frequently by TA/AGR officers over 
the past several years. During 1972 both Dr. Kelley, Director, and 
Dr. Gill, Soils Management Specialist, reviewed the work of this project 
at Cornell and in Puerto Rico. A util:tzation review was held on March 20, 
1973. A supplementary review was conducted on September 10, 1973 after 
the Project Director, Dr. Drosdoff, returned from an on-site inspection 
of the work at Brasilia ~ith Dr. Mccants, Director of the North Carolina 
State University Project. 

A formal prop,ress report was prepared for the RAC and presented at 
its 32nd meeting on January 26, 1971. 

--.:- -- -.. -

Progress on the project has been more than satisfactory. The 
contractor has followed the directions from AID/W in extending the research 
in Puerto Rico to Brazil and arranging work in Africa. The general validity 
of the findings can only be verified through broad testing. 

This Project Statement was reviewed and approved by the Inter­
Bure::i_u Technical Committee prior to review by RIGC. 

11. Proposing Office General Evaluation and Recommen1ation 

The pr_oject continues to rate high among. the projects overseen by the 
Off ice of Agriculture and is an integral part of our soil and water program. 
The project is directed at the most. urgent problems we face, buying time 
with increased food production ~ntil population growth rates can be brought 
into balance, and improving the lot of the average farmer. The target area, 
the humid tropics, is one of the mof.t critical areas in the race between 
mouths and food supply. It is also one of the areas wlth the greatest 
potential for increas~ng food production. By providing new or better ways 
to grow more food, the project will also provide the basis for new jo~s 
on the farm, in trade and in transportation. Since it will allow more 
intens~Je use of available land resources, it serves the needs of the 
farmer of limited means and small acreage. 

This project holds a key spot in the network of soils research sponsored 
by AID. It is directly linked to the North Carolina project through the 
work inliBrasilia and in constant touch with the other AID sponsored soils 
research through the 21l(d) consortium. 

... 

( 

c 

( 



A three-year extension of the contract will allow for plan~ed continuation 
of the research activities in Puerto Rico, the extension of the cooperative 
research recently initiated in Brazil, and the possi.bility of similar 
studies in other locations in Latin America or in Africa~ 

Cornell University has performed satisfactorily under this contract and 
TA/ AGR recommends a three--year extension of this project. 

J \n L. Malcolm,.:roject Manager 

,]l{;c{~;) 
Johnt3. Cordaro 
Chief, Program Division 

.. 



PROJB:;T STA'rEIGJT SUPPLEM:ENT 

Soil Fertility in the Eurnid 'Irotiics 
Cornell University, AID/csd-2490 

The critical need for developi_n.g the acid soils of the humid· tropics 
and the necessity for research to support this de-..rr;lopment was acknowl­
edged during the RIGC Review. There was also general agreement that 
the results of the experiments reported to date and the l:ine of researc1 
described in the work plan were directed toward the key factors in food 
production on these soils.. '11he advisabili~.y of continuing the research 
in Brazil was questioned. TA/AGR believ-es that ~,he work in Brazil is 
justified because it carries out co:n.'Tiitments al!'eady made, contributes 
to a combined attack on an urgent problerr; and ·many of the results will 
be applicable elsewheree Selection of potential sites for research in 
Asia will be started this year and active field work will begin when 
starting such work will not damage the work in progresso 

The major RIGC challenge to Cor:iell 1 s pla.1 for the extension period was 
on the advisability of continuing work in Er-azil when the Agency had to 
phase out technical assista.."lce on a grant basis to that country o The 
suggestion was ITIE.de that the research be moved to Asia, perhaps Indones 
or the Philippines. 

In support of going rm with the work at Brasilia_:, a cormnitment was made 
to work in Latin America and on soils of the type found in the Carr.po 
Cerrado when the project was .first approved by the Agency., Brazil offc 
a special opportunity in cerms of underutilized soils resources, av 3.il­
ability of capable local scientists and a co~Jnitment ~n the part of ·the 
Government t.o translate research results into fa....Y'ffi practice.. ·while the 
is a degree of site specificity ir.. all soil research, much of the 511-

formation which can be e:xpected from the·research in Brazil will be 
transferable. From an operational standpoint, one major shift was init 
during the past summer opening the way fO!· new work in Ghana and phasil 
down the work in Puerto Rico.. Starting on work ir. a second new locatic 
without a s~bstantial ir1put o~ additional money and manpower, would dlJ 
the effort to an ineffectual levelo · 

Terminating the work in Brazil now is inadvisableo Losing the momenturr 
generated at Brasilia and abandoni..-;g exper:iments in progress would e~t~ 
major technical sacrifices without cori ... '"r..en~urate gams.. Such an abrupt 
change, re~igging on agreements reacted in good faith, has political 
and simple creditability consequences which should not be ignored by 
AID. 

Phasing out the techn:!.cal assistanc(' ~ro..nts to Brazil should not be 
allowed to interfere w~~~ the rese."':ch to be conducted under this proj 

.. 
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The expenditure in Brazil is mo~.c:t, on the order of $75,000 per year., 
Most of this goes for salaries ~.r.d r.13.intenance of the U. Se scientist 
assigned to the post and to cover ter.porary duty of Ithaca based senior 
st..1.ff. The Gover..;rlcnt of Brazil is ~r'.'.tr:.::mting several times as much 
in staff, facilities, and related serv:i.ces.. For example, during a 
recent field tour of Drs. Cline and Buol, four senior specialists in 
soil genesis and classification were assigned to travel with them and 
make full use of their talents. 

The new experiment station at Brasilia is largely dedicated to work 
directly related to the projectv The di!-ector, a trained soD. scientist, 
is participating in the research himself a An urngeniero Agronomo II and 
an experienced technician are assigned to the project on a f'ull t:ima 
basis. All the necessary field labor is supplied to the project. The 
laboratory was fully equipped and necessary field machinery purchased 
as the Brazilian response to and support of the projecte 

The cooperation does not end with the official government support., The 
University of Brasilia has made it: computer available to the project 
staff. Also, project personnel have been welcomed at the radio isotop 
Ja.boratory and allowed to use such specialized equipment as the sc:i.ntil­
lation counter for radio tracer analy.sis o The International Atomic 
Energy Commission Laboratory in Sao Paulo has given assistc.nce and will 

( 

be providing isotopes for pla..'1.t nutrient recovery e:-:periments.. ( 

North Carolina State University has two research assistants a~signed to 
Br<'silia whose work is intimately linked to the Cornell project.. These 
two young men look to the senior Cornell scientist for their day to day 
technical support. 

USAID/Brasilia has been extremely helpf'ul to the project, providing 
transport, household f'urnishll1gs, and supporting serviceso Very concrete 
evidence of Mission support. 

Such cooperation and facilities are not to be found everywhere, nor does · 
access come quicklyo The original concept of the project, five yea.rs ago, 
was that the sparsely settled lands of the Campo Cerrado in Brazil and 
.the .L1:anos Orientales of Colombia were contributing very little ·to · 
those nations. The potential of these extensive areas represented a maJor challenge but the practicality of their utilization remai..~ed to be 
demonstrated. The soil research on this project wa..; not directed toward 
marginal improvements of extensive grazing practiced by the large land 
holders but toward intensive manage~ent and high production of basic 
foods. Providing the technology to Make this land highly productive would 
also make small-holder and tennant farming economically feasiblea 1'he 
poor yields, normal in the Cerrado, have condE:11111ed small-holders to 

. 'poverty at the very best and most often assure that land was retained in 
large blocks, keeping the campesino a lanci.less laborer or iti."l").erant cowboy .. 

r 
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Transferability of the results obtained :Li Brazil to Asia was discussed 
at length. The evid~nce is that there should be a high transfer prob­
ability. According to the PSJ\C repor+,, there are over 1. 2 billir·n acres 
of "tr'1pical 11 soils in Southeast Asia, of which 900 million are well 
drain l acid soils, now classed as Oxisols and Ultisolse These are the 
soils beiJ-1.g studied under the project in Puerto Rico and Brazil. These 
soils are high in iron and alurnirn1m oxides' leached of bases with 
kaolinite as the predominant clay mineralo Alumirn1rr. and manganese 
t0xicity, phosphate fixation and restricted plant. root de•.relopr.ient in 
these. soils are major problems. The work in Puerto Rico and Brazil will 
p-rovid·3 the basic viidelines and tested measurein.ent techniques permitting 

the. ·scientific manag~ent of si'llilar soils in Asia, Africa, ·and elsewhere. 
Local adap vation of practices will always be necessary whether the 
rosults of the research are transferred from Brasilia to Java or from 
Java to Suluwesi. 

As work is concluded in Puerto Rico, extension of the project to a field 
location in Asia, such as Indonesia or the Philippines would be reasonable 
and is acceptable to Dr. Drosdoff, the project.director. Spreading the 
work to another location now or in the near futlll'e wou..ld require abandon­
ing experiments already under wayo It would also mean breaking faith ·with 
cooper a :Jors who have com.'1li ttE'd their ov-m resources.. There will be a...'1. 

opportunity to explore research opportunities in Asia ov-er t"1e next year 
and to lay the ground work for expansion of the project several years 
hence, the phasing which accords with Cornell's proposal ., 

. . 

TA/AGR:J111:10/15/73 
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Project Review Report - RIGC (10/4/73) 

Project: Soil Fertility in the Himid Tropi~s - Cornell University 

Project Manager: John L. Malcolm 

Discussion Highlights 

1. Parameters of Project - M~. Dalton questioned the limits of 
the investigation. Would it have to go on endlessly and in every 
country where there was a problem in understandi.ng management of 
tropical soils? TA/AGR stated there was much to be learned about 
tropical soils and that knowledge obtained under this project in 
Brazil, Puerto Kico, and in West Africa would be extended and 
applied to problems in Asia·and elsewhere in Africa and Latin America. 
Further they did not see any end to the search for more information 
on t·copical soils bl.!t this did not mean that Ao I. D. would be 
continuously financing this research. 

2. Location of Project - RIGC members expressed a deep concern as to 
the rationale behind using Brazil as the major site of th~ researcho 
In part, the concern centered upon A.I.D. 's plan to terminate 
assistance to Brazil and in part on the neglect of Asia, where a large 
population could b·~nefit from improved knowledge in regard to tropical 
ooils. TA/AG, responded that it will be possible to extrapolate 
knowledge gained from Brazil to Asia. J. ... _'."ther they stated that .the 
arrangements now worked out with Brazilian organizations, the 
government and soil scientists there, made Brazil a highly desirable 
place to do the research. To give up Brazil as a site and start up 
elsewhere would add to the cost and time needed for the research. 

3. Rationale for Lvcation of Pro4ect - TA/AGR was requested to 
re-do the project statement to reflect the elements that have gone 
into the decision to continue the research in Brazil as opposed to 
shifting the project to Asia. This should be a statement that would 
justify the action in face of the strong arguments presented for 
not continuing research in a country where A.I.D. is terminating its 
assistance. 

Action: RIGC recommended that the project be sent to RAC for revlew 
provided the justifying statement as to site be sent forward as 
part of a revised project statement · 

Moved by Cooper; seconced by Rixse 

Vote: Unanimous 
f 
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SUMMARY OF RAC RECOMMENDATIONS TO A.I.D. 
PROPOSALS REVIEWED AT THE DECU~!-3-_!:,..21?2.~~..!~.~*lr 

1. Soil Fertility in the Hmnid Tropics (extension) - c·ornell University., 
Duration of extension, three years (June 30, 1974 tclJuly 31, ~977); 
additional. cost, $825,oo_o. l'n1itney, Adams_, D .. Peterson, Ruttan .. rJ 
Recommeu.dation: That: (J) the extension of the project for. the 
three-year period at the level of fu..'1dir1g be approved as requested; 
(2) the expansi"n of the research to a third area in Africa. be 
implemented if possible as the Puerto Rico activity is phased down 
and resources become available .. 

~ ...... ~.-:......- --·----~--·----- --· 


